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ABSTRACT
The nodification of the caisson
drydock is in many ways nore
difficult t han conventional ship
modi fi cati ons. This is because of the
accuracy required, location of the
measurenents  and the size of the
structure. The devel opment of conputer

based mul ti-headed el ectronic theodolite
systens nmade it possible to extract
accurate data on | ar%e structures.
This data was formatte

. . ( so it could be
input directly into a conputer aided
desi gn system The nmulti-headed

el ectronic theodolite system was used
to transfer new design information
directly to the structure. The caisson
structure was nodified and nmoved safely
into position with the aid of a water
castor system for final assenbly. Final
di mensi on checks verified the accuracy
of the system

BACKGROUND

Phi [ adel phia  Naval Shi pyard' s
Drydock No. 3 is one of the deepest
graving docks on the East coast. Built
In the 1920's, its original planned
mssion was to provide a-full service
drydock for all ships of the United
States Navy, including battleships. The
original caisson for this drydock was
still in wuse in 1990 It was a
hydroneter style caisson of riveted
construction. The caisson acts as a dam
to seal the drydock opening and needs
water ballast to nmaintain its position
and provide an effective seal. AnY
significant reduction in ballast due po
loss of water could result in
catastrophic flooding of the drydock.
The caisson had nmgjor corrosion of
structural nenbers in the trim and
bal last tanks. Its top deck or wal kwa
was wooden and in need of replacenen
and the rivet

th seans were in poor
condi tion and weepi nﬁ. Because of the
poor condition of the caisson, maj or

repairs were budgeted so the drydock

could continue in a certified status.
Repai ri ng this old riveted
structure in the 1990's posed nmjor
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robl ens. Maj or structural elements on
he inside would have to be replaced.
There would have to be a great deal of
welding close to rivets. Maj or
structural menbers enbedded in concrete
appeared to be corroded. Most
importantly. all of the rivets on the
structure” had been rin% wel ded and
seams were |eaking, so there was no way
to properly sound rivets and certif

the structural integrity of the overal

structure. ] .

A new cai sson was estimated to cost
over 4 nmillion dollars, which exceeded
the repair budget. Fortunately there
was a large caisson on the base which
was built by the now defunct, New York
Shi pbui I ding Corporation  (NYSC) Figure

, had been in service in Canden,
New Jersey, for a special drydock used
in the construction of the USS KITTY
HAWK (CV63) in the mid 1950's. Because
the caisson was stored in fresh water
and had only limted use at NYSC it
was in virtually new condition. The
overal | dinmensions of the caisson, with
the exception of the length (8.38 m
27.5 ft longer) were very simlar to
the original caisson. Its all welded
construcgion erpge it easy to nodify.

S

(1) It

~ Figure 1L o
New York Shi pbuil di ng Corp. Cassion

As a final
di nensi onal
drydock seat

feasibility check, the
attributes of both the
and the NYSC caisson were

measured using conventional tools such
as steel tapes and plunb bobs. The
survey was accurate enough to verify



that the NYSC cai sson could be nade
compatible with the drydock  opening.
However, it failed to show discrepancies

based on existing plans in the slopes
between the caisson and the drydock and
the radii at the corners. In "addition,
the overall length of the drydock
opening appeared to be in error. It
was therefore deternined that a nore
measurenent woul d
accurate design

were to be

accurate neans of
have to be used if
nodi fication details
devel oped.

I NI TI AL SURVEY

The
choi ce for
mul ti - headed
ﬁgstem (AIMS 11

asuring System.
of t wo (2)

t ool of

was

measur ement
this proj ect
el ectronic t heodolite
Anal ytical Industrial

This system consi st
t heodol ites ['inked
electronically to a personal conputer to
give real time data. The theodolite
system was the logical choice due to
several factors. ta P0| nts of the
drydock opening (seat), although visible
only from the river side could be
captured from the drydock floor.
Secondly, the new caisson would be
| ocate in the center of the same
drydock. The stability of the drydock
floor allowed the measurement group to
use the theodolite system and not be
restricted to other measurenent tools,
such as photogrametry. Finally, time
constraints required a quick turnaround
of accurate data.

The first task for
roup. was to provide
xi sting drydock opening
Deternination of theodolite
was the first concern. Placing the
instrunents between the inner and outer
seat was elimnated for two reasons.
First, a linted sight distance and
very  poor geonetry bet ween t he
theodolites and the data points inpeded
the accuracy. Second, with the existing
cai sson continuously | eaking and the
readings taken in ‘the wi nter nonths,
very hazardous safety conditions existed
in'this area with partial freezing of
standi ng water. It was then determ ned

the measur enent
data of the
(figure 2).
osi tioning

that the theodolites would have to be
|ocated on the drydock floor. This
created a situation where nost of the

data points would be hidden from sight
(figure 2).

Hi dden points were captured using a

hidden point stick which is a targeted
measured rod. sighting the targets
of the rod the theodolite system can

automatically interpolate for the hidden
point using the software (hidden point
routine) cFrow ded with the system Data
for the drydock seat area were taken at
various stations with tw points per
station. One representing the upper
edge of the seat, which was visible and
the other representing the bottom corner
which was hidden. Points were taken at
four stations along each side. Al so,
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in the
for

points were taken at 15 stations

radius area, because it was critical
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Figure 2.

Drydock NO. 3 Opening

The second part of this initial
measurenent phase was to establish the
outline dimensions of the new caisson.
Wth the new caisson on blocks in
drydock 3 the theodolites were |ocated
on" the drydock floor. From this
vantage point, the dinmensions required
were captured. Data points were taken
along the sloping ends at four
| ocati ons. The radius corners were
identified by data points at each
tangent point and three internediate
points. O her «key di nensional | ocations
were captured such as the top deck of
the knuckle areas and the bottom seat
area. Each point was located first by
sighting with a laser attached to the
theodol i te. These points were then
scribed in for reference for future
modi fication and dinensional checks.

. _The neasurement data fromthis
initial phase was el ectronicall

transferred to the  structura
department's CAD (Conputer Aided Design)
system  This would lay the ground work
for the entire project and allow the
structural department to work from
accurate data when determining the
structural rmodifications required for
not only correct fit of the new caisson
to the drydock opening, but also to
ensure proper buoyancy and structural
integrity.



CAD DEVELOPMENT

Data taken from the survey was
transferred (using a 5 1/4" fclﬁ}))py di sc)
d|_rectl¥ into the shipyard system
This allowed viewing all the data taken

By using curve

in three dimensions. .
fitting techniques, an accurate picture
of the seat of the caisson and the
drydock opening could be obt ai ned.
figure 3 shows a CAD overlay of some
measur enment data taken.

CAl SSON
SEAT EDGE

\ -l bz 23m (9in)
!

DRYDOCK
INNER
SEAT

DRYDOCK
OUTER
SEAT

DATA
POINTS

FI GURE 3.

CAD OVERLAY OF THECDOLI TE DATA

The slope, radius and depth of the
seat would all be critical dinensions
which interplay with one another. It

was decided early in the design process

that the nodified caisson should have
anrOXI mately .076 neters (3 inches)
clearance on each side of the sloping
drydock side walls. This clearance
woul d provide for dinensional changes in
the structure and allow sufficient
operational clearance to seat the

2A2-3

caisson in a nuddy river environnent
where debris can easily be [odged
between the caisson and "the drydock

wal | Wile the task may seem easily
solved by a conventional |ayout process,
it becomes nuch more difficult when one
considers that the design must allow for

a good seal if all clearance is shifted
to one side. Also, nmud in the seat
under the bottom of the caisson could
cause it to tilt forward from the side
wal | s. A CAD sinulation would allow
for these or any conbination of other
conditions to be examined wth the

caisson nodified in many different ways.

The neasurement data verified our
initial dinensional analysis of the
cai sson proving that the "drydock seat
and the seal area of the NYSC caisson
had different  slopes. Addi tional
structure woul d have-to be added to the
sides of the caisson which had |ess
slope. This would prevent an excessive
clearance at the top of the seal area.

. The radii between the ends of the
cai sson and drydock wal | wer e
sufficiently different to allow for
clearance but the position of the
centers between the two would be
critical in determining fit clearance.
| f positioned too close. the curved
surfaces would intersect which would
cause the caisson to rest on its curved
edge rather than rest along its base.
[f~ too much clearance was allowed it
woul d be inpossible to maintain a good
seal along the sloped sides.

Several different scenarios were
evaluated. The nost cost effective one
was to nodify the caisson asymetrically
bK' adding structure to one side only.
This woul'd make the clearance different

at the ends if the caisson were
positioned at the centerline of the
drydock. But the clearance would still

be within allowable tolerances if the
caisson were shifted to one side or
rotated 180 degrees. jogging the
seal about 6.1 neters (20 eet% romthe
base and removing 8.38 m (27.5 ft) from
the center of the caisson we were able
to meet all dinensional clearance
criteria. Final dinmensions are shown in
Figure 4.

LAYOUT

The
measur enent
t he

for t he
involved translating
di mensional data. for renoving the
center section, from CAD to the caisson
itself. Design engineers had detern ned
the optimm |l ocation for the center

second t ask

group

section removal which would ensure the
structural integrity of t he t wo
remainin ends once rejoined. To
establis these  di nensions t he
exi sting caisson, physical measurenents
from internal structural menbers were
made. These data points were then

established by drilling a hole through
to the outside of the caisson. Thi's
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Cai sson Fi nal

Di nensi ons

hole was sighted by the theodolites and
used as a reference point for inside and

outside dimensions. Laying out of two
parallel lines is rel atwe?y easy until
one realizes that these lines nust pass
under the caisson up the backside, along
the top and eventually end up at the
same starting point while remaining
paral l el ed throughout. Several setups
and transitions from pass point to pass
point were required. The accuracy of

the system and the attention to détajl
of the system operators proved to be the

cornerstone to the success of this
proj ect.

MODI FI CATI ON AND ASSEMBLY
Producti on shops used the cut

lines layed out by the neasurement team
to precisely cut a perfect match
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between the two halves of the caisson.
Shipfitters and welders worked to renpve
the large portions of plating and beams
fromthe center section (Figure 5).

|gUre o.

Steel Renmoval, Center

Section

The area of steel renpved was about

8.38 38 (27.5 feet) long, 10.67 m (35
feet) high and 6.1 m (20 feet) w de
across the top.

The bottom portion of the casisson
contained a large anount of concrete
used mainly for ballast. A concrete
cutting conpany was tasked to make one
cut at each end of the center section so
that shipyard riggers could "roll" the
| oose wedge of concrete out of the way
(Figure 6 and 7). The wedge renoved
was about 8.38 m (27.5 feet) Ion% by 6.1
m (20 feet) wide by 3.35 m (Il Teet)
high and it weighted about 250,000 KG
(275 short tons). The cutting of the
concrete was acconplished using a
dianmond strand blade which runs through
a min drive assenbly around the
concrete to be cut and back through the
assembly.  Each cut took about 10 hours.

then installed

The shipfitters
the concrete

tenporary supports to_
section's steel skin (Figure 8).  The
supports were designed by ‘shipyard
engineers and a drawing was prepared to
provide direction to the shops for
fabriction of the supports. In
addition, steel plates were laid on the
floor of the drydock to provide a path
for the concrete section to travel. A
st eel plate guide was placed on the
inside of the path to keep the section
from drifting. Riggers then used the



273,000 KG (300 ton), jacks to raise the

s NS S
Figure 6.
Concrete Cutting; Top View

section about 0.1 m (4 inches) to insert
4 nini-rollers under the temporary
supports. The main problem with the
mni-rollers was shifting of t he
rollers under the supports which caused
delays in the nove. he rollers had to
be realigned under the center of the
load fromtine to time to avoid gn
instability. Unevenness in the drydoc}é
floor, regardless of the presence of
the steel plate path was the main reason
for the mni-rollers shifting.

Keel bl ocks were stacked about 12.2
m (40 feet‘) from the concrete wedge at
the end of the steel path described
above.

Chain falls were connected between
the keel blocks and the tenporary
supports to allow riggers to pull the
section from between the two halves of
the caisson (Figure 9). This process
took about six hours.

The novenent of the two hal ves of
the caisson was acconplished by using
water castors to "float" one half to the
other along a steel plate path.  The
process was very safe, provided maxinmum
control, required very little
horizontal force to nove the section,
and was cost effective. TWO = other
options were considered, floating the
sections in place and using a rail
system The idea of floating one half
of the caisson to the other is the
typical one of choice used by shipyards
in shorteni ngF or enlarging ship
m dsections. or exanple, this was the

method used in the down sizing of the

KEYSTONE CANYON in 1990 by Northwest
Marine. As noted in reference (1), the
bow section had to be refloated three
times before alignment was
¥ ot N - Sl e N

T %

)

7.
Cutting; Side View

Figure 8.
Tenporary Supports For Concrete Renoval

adequate to begin welding. This nethod
was quickly elimnated ue to the cost
of flooding the drydock and the need to
build a coffer dam at the open end of
the section. In addition, the lack of
total control of the buoyant section
for repositioning made this nethod
unacceptable.  Another option considered
was a rail system but it proved to be
too expensive due to the high cost of
building a very large structural system
to accommodate nultiple rollers.

2A2-5



The castors operate on a water film

created under the castor by water
| eaking from the bottom of a diaphragm
(Figure 10).

Fi
Ri gging For Concrete Renoval

gure 9.

This allows the entire castor/caisson

to "float" just like a glass filled wth
fluid on a wet smooth surface. The
castors are flexible, so they could

acconodate the lack of flatness of the

LANDI NG

PADS MOUNTING

WATER INLET

MOUNTING PLATE

\_LANDING

PAD
FABRIC ASSEMBLY
OPERATING

Figure 10.
Water Film Castor
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Al'so, because of their
flexibility the load per castor would
remain fairly constant during the nove,
allowing the supporting steel fixture
to be optimsed around well defined
factors of safety. Steel plates welded
together were placed along the drydock
floor to prevent loss of water due to
small irregularities such as holes in
t he concrete surface. The castors
nmoved with the caisson along the steel
late track due to the differences in
riction between the tenporary support

drydock floor.

surface and the steel path surface. The
castors used during the nove required
about  0.483N mf 70 PSI) of water
pressure at each of the castors in
order to obtain 0.08 m (3 inches) of
lift off the keel blocks. Production
shops manuf act ur ed t wo separate
mani f ol ds with ten auges, . each
dedicated to one castor for  monitoring
pur poses.

The castors were rented with a
representative from the vendor providin

technical characteristics such as |oa
capacity, friction factors, surface
sl ope, and water supply. Using this
information, tenporary Supports nade of
steel | beans and plates were designed.
Each support was fabricated out of
three | beams spaced |like a tripod, over
each castor to handle any rotations
(Figure 11).

+~CAl SSON

Figure 11. .
Tempoary Supports For Floating Half of
Cai sson

In this way the lifting force at the
center of pressure of the castor, would
remain stable in the area defined by the
supporting |egs. Cal cul ati ons  showed
that a total of 20 castors would be
required providing a capacity of 725,750
kilograns (1.6 mllion pounds). The
section to be noved was 589,670
kilograns (1.3 mllion pounds) and the
center of gravity was calculated to be
3.05 m (10 feet) up from the bottom

The castor nodel chosen was by AERO GO
and its designation was 4K48HDL. It was
1.22 m (4 feet) by 1.22 m (4 feet) by
0.07 m (2.75 inches) thick with a lift
of 0.08 m (3.0 inches). H The castors

t he

were placed between temporary



supports and a relatively "flat" steel
pa simlar to one provided for the
concrete renoval . .

A ﬁm de track was installed along
the path, laid on both sides of the
cai sson, to keeEI the caisson from
"floating" off the steel path. In
addition, guide wires were {:)I aced from
the top of the caisson to tiedown
fixtures at the top of the drydock _to
provide additional control . The

floating section of the caisson was
pulled to the stationary section by
using chain falls. The final position
(1)£ the two halves are shown in figure
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Final Position of Caisson Halves
Two ten ton chain falls proved

more than adequate as the floatin
section noved easily. A maximum of 0.1
mmn (.5 ft/mn) rnovenent between the
stationary and floating section was
mai ntained to avoide the noving section
from  devel oping excessively hi gh
monent um Shipfirtters quickly welded
steel flat bars perpendicular fo the two
cai sson accross the unwelded seam to

rlevent relative msalignment of the two

al ves.

The third and final task for the
measurenent group was to nmake a final
check prior to production welding. The

ing together of the caisson was
conplete by the end of the first shift
on a Tuesday. Wth the start of the
second shift, the measurenent %roup set
up the theodolite system and began the
final check of key control points along
the entire  caisson. Wth the data
points nmeasured in_ three dimensional
coordinate system it was possible for
t he measur enent grouP. to verify the
final construction con |%urat|on during
the same second shift. able | shows a
conparison of design dinmensions and
final neasured dinensions. The go
ahead for final production welding was
given the following norning (1st shift
\\ednesday) .

bri nlq
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PO NT | PONT 2
: X
DESIGN |MEASURED|| DESIGN |MEASURED
X 0.0 0.0 (1568 501N USE0 BTN
Y 0.0 0.0 0.0 zo";a%%??‘m
15,118 15.13M 15.11N 15,121
Z 1595.001N) (535.61IN) 595.001) | 1595.2452(N)
TABLE 1. DESIGN D MENSI ONS VS. MEASURED DI MENSI ONS

There was no need for additional
fitting, and welding the |large seam
connecting the two halves coul d begin,
as. well as welding nmany internal
stiffeners. Shipfitters also proceeded
to install an additional steel section
to one end of the caisson so that the
rubber seal would rest on the drydock
seat when the caisson was finally
install ed. In addition, they al so
added a steel wal kway about 1.21m (4
feet?1 on top of the caisson to raise
the height of the caisson to that of the

exi sting drydock opening. .
Internal moditications and repairs

to electrical and mechanical systens of

the caisson were also nade. Pai nt and

preservation neasures were made inside

and out, making the conpleted caisson
ready for operation.
CONCLUSI ON
This project proves that a mlti-

headed el ectronic theodolite systemin a
drydock environment can extract data and

| ayout data accurately to achieve a
first time quality it for large
structures.

In addition, the use of the

t heodol i te system and CAD system al | owed
for the rapid and accurate transfer of
large amounts of data.
. These systens nmade it possible to
inplement a well coordinated plan of
attack t hr oughout t he project's
duration. Communication between design,
measur ment and production groups was an
essential ingredient to the success of
this project.
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